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Abstract 

Background: Allergies are nearly always triggered by protein molecules and the majority of individuals with documented 
immunologic reactions to foods exhibit IgE hypersensitivity reactions. In this study we aimed to understand if natural 
differences, at proteomic level, between maize populations, may induce different IgE binding proteins profiles among 
maize-allergic individuals. We also intended to deepen our knowledge on maize IgE binding proteins. 

Results: In order to accomplish this goal we have used proteomic tools (SDS-PAGE and 2-D gel electrophoresis followed 
by western blot) and tested plasma IgE reactivity from four maize-allergic individuals against four different protein fractions 
(albumins, globulins, glutelins and prolamins) of three different maize cultivars. We have observed that maize cultivars have 
different proteomes that result in different IgE binding proteins profiles when tested against plasma from maize-allergic 
individuals. We could identify 19 different maize IgE binding proteins, 1 1 of which were unknown to date. Moreover, we 
found that most (89.5%) of the 19 identified potential maize allergens could be related to plant stress. 

Conclusions: These results lead us to conclude that, within each species, plant allergenic potential varies with genotype. 
Moreover, considering the stress-related IgE binding proteins identified, we hypothesise that the environment, particularly 
stress conditions, may alter IgE binding protein profiles of plant components. 
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Background 

Cereals are the most important crops in the world. For 
the majority of the human population, cereal-based 
foods constitute the most important source of energy 
and several nutrients. In the poorest parts of the world 
starchy foods, including cereals, may supply 70% of total 
energy. Although a number of cereal species are grown 
worldwide for food, only three - maize, wheat and rice 
(respectively, 872, 671 and 720 million tonnes produced 
in 2012) - account, together, for over 85% of the total 
production (FAOSTAT- http://faostat.fao.org/site/567/ 
DesktopDefault.aspx?PageID=567#ancor). 

Maize is present in a wide range of foods (bread, 
breakfast cereals, corn snacks, corn flour, polenta, pop- 
corn, sweat corn). Maize variation may be categorized 
on the basis of quality, quantity and pattern of kernel 
endosperm composition. Consequently, maize categories 
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are generally divided in: flint, dent, flour, sweet and pop 
corn [1]. 

Maize allergy can occur after the ingestion of maize or 
maize derivatives, or by the inhalation of maize flour or 
pollen. Recently, some papers were published on maize 
allergy [2-4]. However, the factors that may influence al- 
lergy elicitation are still unknown. 

Considering that proteins are the elicitors of the ma- 
jority of allergic food reactions, it would be expected 
that different cultivars may induce different allergic reac- 
tions. A high heterogeneity in the distribution and quan- 
tification of several already known plant allergens among 
different cultivars has been reported for peanut, soybean, 
tomato, maize and apple [5-9]. In this study we aimed to 
contribute to the characterisation of maize flour IgE 
binding proteins via proteomic tools trying to under- 
stand if natural proteomic differences, between maize 
varieties, may result in different IgE binding proteins 
profiles among maize-allergic individuals. In order to ac- 
complish this goal we have tested plasma IgE reactivity 
from four maize- allergic individuals against four different 
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protein fractions (albumins, globulins, prolamins and glu- 
telins) of three different maize cultivars. 

Results 

In a recent publication we have compared the potential 
allergenicity of MON 810 maize against its non- 
transgenic counterpart [4] . In that work the tested plants 
were grown for several generations under the same en- 
vironmental conditions in order to minimize the envir- 
onmental influence in final differences. We found that 
the tested individuals reacted very similarly to MON810 
vs. its control and have identified 14 new maize IgE 
binding proteins. In the present study, we aimed to bet- 
ter understand the influence that the natural differences 
of the plant proteomes may have on plant IgE binding 
proteins profiles. We also intended to contribute to the 
knowledge of maize IgE binding proteins. In order to as- 
sess how plant variability may affect individual IgE bind- 
ing, we have compared plasma IgE reactivity of four 
maize-aUergic individuals to four protein fractions of 
three maize cultivars. 2-D gel electrophoresis and western 
blot with plasma from the same maize- allergic individuals 
were used, to identify maize IgE binding proteins. 

Each individual is an individual and each variety a variety 

As expected, in this study we clearly saw different SDS- 
PAGE protein profiles (Figure 1) among the three tested 
maize varieties. We have also confirmed that not only 
did different patients react differently to the same maize 
cultivar, but also that the same individual may react 
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Figure 1 SDS-PAGE of four protein fractions from three different 
maize varieties. Protein fractions: Prol (Prolamins), Glut (Glutelins), 
Glob (Globulins) and Alb (Albumins), (30 \ig protein/lane). The maize 
varieties tested were: a- maize commercial line Tietar, b- inbred line PB 
269 (FLINT type), c- inbred line PB 369 (DENT type). M- Protein molecular 
weight marker (10~^). 
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differently to different maize cultivars (Figure 2). This is, 
for instance, clearly seen in individual 1 Immunoblot 
against prolamins and albumins protein fractions, and in 
individual 2 immunoblot against globulins and albumins 
protein fractions (Figure 2). The control plasma (individ- 
ual 5, Table 1) showed no reaction against any of the 
maize varieties under test (data not shown). 

In this work, we found differences in staining efficiency 
dependent on the protein fraction. On, SDS-PAGE, Col- 
loidal Coomassie blue caused lower staining efficiency of 
prolamins as compared with the other protein fractions 
(Figure 1). We also found that, in nitrocellulose mem- 
branes. Deep Purple showed higher efficiencies in staining 
albumins and globulins, as compared with prolamins and 
glutelins (Figure 2). Van den Broeck and co-workers [10] 
had already reported that, due to an atypical amino acid 
composition, the staining method used to visualize prola- 
mins, in gels, may affect the resulting protein pattern. 

IgE binding proteins 

For the identification of maize IgE binding proteins, 2-D 
gel electrophoresis was performed, on each of the four 
protein fractions from the three maize cultivars, followed 
by electroblotting and reaction with the most reactive 
plasmas (see "Gel electrophoresis of maize protein ex- 
tracts" on Methods section). The use of individuals 1 and 
2 plasmas, in this assay, was due to the fact that these were 
the ones with maize specific IgE concentrations higher 
than 10 kU/1 (an important condition for quality and reli- 
able 2D immunoblot signals). The use of separated protein 
fractions, as well as Deep-purple stained nitrocellulose 
membranes, largely facilitated the match between chemi- 
luminescence signals and gel spots and, consequently, the 
identification of maize IgE binding proteins. The difficul- 
ties encountered in the staining of glutelins fraction nitro- 
cellulose membranes, as well as the attainment of low 
intensity chemiluminescence signals for this protein frac- 
tion, made the correlation between chemiluminescence 
signals and glutelins gel spots an impossible task. High re- 
producibility between replicates was obtained, both for 
Deep-purple stained nitrocellulose membranes and immu- 
noblots. We have analysed 50 spots by MS/MS (identified 
by arrows in Figures 3, 4 and 5) and obtained identifica- 
tion for 38 of them, corresponding to 19 different IgE 
binding proteins (Table 2 and Additional file 1: Table SI). 
From these 19 proteins, only 8 had already been identified 
as maize IgE binding proteins (Table 2) [4]. These were 
Zea m 22 (an Enolase), Zea m chitinase (a chitinase), Zea 
m G2 (Globulin-2-precursor), a Ketol-acid reductoisomerase, 
an UTP-glucose-l-phosphate uridyltransferase, a Fructose- 
bisphosphate aldolase cytoplasmic isozyme, a Triosepho- 
sphate isomerase and a Chaperonin CPN60-1. 

Among the identified IgE binding proteins we could 
scrutinize two main situations: a) IgE binding proteins 
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Figure 2 Western blot with plasmas from four maize-allergic individuals (see Table 1 for information). Left panel: chemiluminescence 
films; Right panel: chemiluminescence films over pre-coloured nitrocellulose membranes; Protein fractions: Prol (Prolamins), Glut (Glutelins), Glob 
(Globulins) and Alb (Albumins); Maize tested varieties: a- maize commercial line Tietar, b- inbred line PB 269 (FLINT type), c- inbred line PB 369 
(DENT type). Molecular weights (10"^) are indicated. 



identified in the immunoblots of only one of the tested 
individuals (e.g. Chitinase (spots 49, 50), hydroxyacylglu- 
tathione hydrolase (spot 30)); b) IgE binding proteins 
identified in the immunoblots of both individuals (e.g. 
Ketol-acid reductoisomerase (spot 5), rab GDP dissoci- 
ation inhibitor alpha-like (spotl7)). It is important to 



notice that some of the IgE binding proteins originated 
several gel spots (probably due to the existence of differ- 
ent protein isoforms) that, in some cases, selectively 
bind to the plasma IgE of patient 1, 2, or both. (e. g. 
Enolase (spots 8, 9, 12, 15, 16), Fructose-bisphosphate 
aldolase cytoplasmatic isozyme (spots 21, 25, 26)). 



Fonseca et at. Proteome Science 2014, 12:17 
http://www.proteonnesci.conn/content/1 2/1/1 7 



Page 4 of 1 1 



Table 1 Individuals tested in this study 



Patients Age Sex Maize-specific Eczema Allergy symptoms 
UniCAP (kU/l) 



Other reported food allergies 



Other allergies 



3 
4 

Control 



41 



58 
29 



M 



30.0 (class 4) 



28 M 16.8 (class 3) 



9.3 (class 3) 
5.0 (class 3) 

<0.35 (class 0) 



No Itchy eyes; sneezing; 
wheezing; hives; intense 
swelling and vomiting 

No Hives; wheezing; peanut 
cause swelling of 
the throat. 

No Sneezing; wheezing. 

No Hives; itchy eyes; 

sneezing; wheezing. 



Nuts, beans or seeds (32.8 kU/l -soybean 
CAP), milk, fish, meat, eggs, wheat 
products, some fruits and vegetables. 

Peanut, soybean (no exact 
CAP results, but tested positive 
for peanut and soybean). 

Egg white. 

Wheat products, nuts, beans 
or seeds (no specification). 



Penicillin, several animals' 
hair (cat, dog, horse, 
hamster...). 

Animals' hair (cat, dog, 
horse, pigeon), dust, mildew, 
insect hypersensivity. 

House dust, pollens 

Grasses, hay, small reaction 
to dogs', cats' and horses' hair. 



Identification of maize IgE binding proteins unl<nown to date 

In this study, we have thus identified 11 new maize IgE 
binding proteins: spots 2, 3, 4, 18, 19, 22 and 35 match a 
Granule-bound starch synthase I (GBSSI); spot 10 and 
11 correspond to Alanine aminotransferase; spots 13 



and 14 highest score matches Homogentisate 1,2-dioxy- 
genase; spot 17 matches a rab GDP dissociation inhibi- 
tor alpha-like protein; spot 20 corresponds to Glutamine 
synthase; spot 23 matches alpha- 1,4-glucan-protein syn- 
thase; spot 24 corresponds to protein Z; spot 29 highest 
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Figure 3 IgE immunoblot reactivity assay of plasma from maize-allergic individuals (Table 1 for information) against albumins protein 
fraction. Red arrows represent immunoreactive spots exclusively detected in individual 1, blue arrows represent immunoreactive spots 
exclusively detected in individual 2 and green arrows represent spots detected with plasmas from both patients. Molecular weights (10"^) 
are indicated. 
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Figure 4 IgE immunoblot reactivity assay of plasma from maize-allergic individuals (Table 1 for information) against globulins protein 
fraction. Red arrows represent immu no reactive spots exclusively detected in individual 1, blue arrows represent immunoreactive spots 
exclusively detected in individual 2 and green arrows represent spots detected with plasmas from both patients. Molecular weights (10~^) 
are indicated. 



score matches a lipoprotein; spot 30 corresponds to 
hydroxyacylglutathione hydrolase (Glyoxalase II); spot 
31 matches Proteasome subunit alpha type 2; spots 27 
and 43 correspond to General stress protein 39. 

Discussion 

Each individual is an individual and each variety a variety 

It was already clearly demonstrated that protein profiles 
can discriminate not only the maize genotype, but also, 
the geographic location and the season of its cultivation 
[11]. Thus, the identification of different SDS-PAGE 
protein profiles for the maize varieties under test was 
already expected. 

In this study we have confirmed that maize cultivar 
natural proteomic differences may result in different IgE 
binding profiles when using plasma of a given patient. 
Panda et al [8] had already reported similar results 
showing variation in individual qualitative IgE binding to 



different soybean cultivars. These results lead us to 
question if allergic symptoms may be dependent on the 
proteomic level of certain allergens. 

Although, as already stated, several authors have docu- 
mented different allergen content among plant food cul- 
tivars [5-9], there is only a small number of studies 
relating allergen content differences with distinct clinical 
reaction. However, Carnes et al [12] obtained differ- 
ences in specific IgE values and SPT wheals when testing 
apple allergic patients against different apple varieties. 
Carnes et al, also found different SDS- PAGE antigenic 
profiles among the 10 apple varieties as well as a signifi- 
cant variation in the content of the Mai d 3 allergen. 

Also, Dolle et al [13], demonstrated using skin prick 
tests (SPT), double-blind placebo-controlled food chal- 
lenges (DBPCFC) and basophil activation test (BAT) the 
induction of distinct clinical reactivity in tomato-allergic 
patients, by different tomato cultivars [13]. 
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Figure 5 IgE immunoblot reactivity assay of plasma from maize-allergic individual 1 (Table 1 for information) against prolamins protein 
fraction. Molecular weights (10"^) are indicated. 



Maize IgE binding proteins newly identified may be 
related to stress response 

As already stated above, we have identified 11 new maize 
IgE binding proteins. Interestingly, all of them may be re- 
lated to plant stress response. Spots 2, 3, 4, 18, 19, 22 and 
35 match a Granule-bound starch synthase I (GBSSI). This 



is the major enzyme responsible for amylose synthesis 
and, in rice, it is known to be influenced by drought and 
temperature [14]. Spot 10 and 11 correspond to Alanine 
aminotransferase, a protein that is involved in carbon and 
nitrogen metabolism, converting pyruvate and glutamate 
to alanine and 2-oxoglutarate. This enzyme is crucial for 



Table 2 Identified Maize IgE binding proteins 


Maize allergen 


Spots N° 


Protein information 


Signal on immunoblot of individual: 
1 2 


Already reported maize Zea m 22 
IgE binding proteins 

Zea m chitinase 


8, 9, 12, 15, 16, 
49, 50 


Enolase 48,2 kDa (theor.) 
Chitinase 29,0 kDa (theor.) 


8,9,12,15,16 
49,50 


8 


Zea m G2 


46,47,48 


Globulin-2 precursor/Cupin superfamily 


46,47,48 






5 


Ketol-acid reductoisomerase 63.6 kDa (theor.) 


5 


5 




6,7 


UTP-glucose-1 -phosphate uridylyltransferase 


6,7 






21, 25, 26 


Fructose-bisphosphate aldolase cytoplasmic isozyme 


21 


25, 26 




32 
1 


Triosephosphate isomerase, cytosolic 
Chaperonin CPN60- 1, mitochondrial precursor 


32 
1 




New potential maize 
IgE binding proteins 


2,3,4,18,19,22,35 
10,11 


Granule-bound starch synthase 1 
Alanine aminotransferase 


2,3,4, 18,19, 22, 35 
10,11 


2,3,4 




13,14 


Homogentisate 1,2-dioxygenase 


13, 14 






17 


rab GDP dissociation inhibitor alpha-like 


17 


17 




20 


Glutamine synthetase root isozyme 4 


20 






23 


Alpha- 1 ,4-glucan-protein synthase 


23 






24 


Protein Z 


24 






29 


Lipoprotein 


29 






30 


hydroxyacylglutathione hydrolase 




30 




31 


Proteasome subunit alpha type 2 


31 






27,43 


General stress protein 39 


27, 43 





Italic. Stress related proteins. 
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the rapid conversion of alanine to pyruvate during recov- 
ery from low-oxygen stress, in Arabidopsis thaliana [15]. 
Spots 13 and 14 highest score matches Homogentisate 
1,2-dioxygenase, an enzyme involved in several pathways, 
namely aminoacid degradation. The overexpression of this 
protein was already related to osmotic stress in rice [16]. 
Spot 17 matches a rab GDP dissociation inhibitor alpha- 
like protein. These proteins play a central role in the con- 
trol of vesicle trafficking, and are involved in early stage of 
the plants response to pathogenic attack in rice [17]. Spot 
20 corresponds to Glutamine synthase, a key enzyme in 
plant nitrogen metabolism. This enzyme was already re- 
lated to salt stress tolerance in rice [18]. Spot 23 matches 
alpha- 1,4-glucan-protein synthase, an enzyme involved in 
the biosynthesis of cell wall polysaccharides in plants. This 
protein was already related to chilling injury of peach fruit 
mesocarp [19] and was also found to be involved in the re- 
sponse of rice roots to cadmium [20]. Spot 24 corresponds 
to protein Z, a protein that belongs to the serpins super- 
family which is a set of proteins able to inhibit proteases. 
Lampl and co-authors [21] demonstrated that, the major 
Arabidopsis serpin (AtSerpinl) target protease is the pro- 
tein Responsive to Desiccation- 21 (RD21). Spot 24 high- 
est score matches a lipoprotein. The influence of stress on 
lipid metabolism and consequently on lipoprotein parti- 
cles content is already known [22,23]. Spot 30, corre- 
sponds to hydroxyacylglutathione hydrolase (Glyoxalase 
II) which is part of the glutathione-dependent glyoxalase 
detoxification system. The overexpression of Glyoxalase II 
gene was already related to enhanced salinity tolerance in 
Brassica juncea [24]. Spot 31 matches Proteasome subunit 
alpha type 2, a protein largely related to plant stress re- 
sponse [25]. Finally, spots 27 and 43 correspond to Gen- 
eral stress protein 39, a short-chain dehydrogenase/ 
reductase SDR family protein associated, between others 
metabolic processes, with Abscisic acid (ABA) biosyn- 
thesis [26]. 

Moreover, we found that most (89.5%) of the 19 iden- 
tified IgE binding proteins could be related to plant 
stress (Table 2). 

Environmental stimuli may have a crucial role on plant 
IgE binding proteins profiles 

Plant development is regulated by the environment. 
Moreover, extreme and/or unfavourable conditions im- 
pose stresses to which the plant has to respond [27-30], 
either adapting and restoring its homeostasis, or failing 
and dying. Plant proteomes are, consequently, constantly 
changing in response to abiotic and biotic stimuli. Some 
of these proteomic adjustments may occur due to long- 
term genomic alterations, others may persist for several 
generations (for example through epigenetic mecha- 
nisms [31]), and others may last only one generation, or 
even less than that. 



The discussion about the potential impacts of plants 
stress response (and, on a broader perspective, of climate 
change) on the safety of plant food products is now be- 
ginning to emerge. Even though the number of studies is 
low, some authors have already confirmed that environ- 
mental stimuli may have a crucial role in plant allergen 
expression [32-34]. 

In this work we have confirmed that there is a high 
percentage of stress-related proteins among maize IgE 
binding proteins, which agrees with our previous results 
[4]. Also relevant, is the fact that among the 11 new 
maize IgE binding proteins identified, five correspond to 
proteins already detected as potential allergens in other 
organisms. One rab GDP dissociation inhibitor was pre- 
viously identified as a Aspergillus fumigatus potential al- 
lergen [35]. Protein Z was already identified as a relevant 
allergen present in beer [36]. A 33 kDa rice allergen was 
identified as a glyoxalase [37]. A proteasome subunit 
protein was already reported as a Hevea brasiliensis latex 
allergen [38]. Finally, as general stress protein 39, several 
fungal allergens belong to SDR protein family [35-39,40]. 

Since plants are permanently challenged by inevitable 
environmental stimuli, our results lead us to hypothesise 
that the IgE binding protein profile of a given plant may, 
also, change as fast and as transiently/permanently as its 
proteome. 

Challenges that arise from the potential influence of 
genotype and environment on plant IgE binding 
protein profiles 

Although scientific data support the idea that genotypes 
and environmental conditions may influence plant aller- 
gomes and consequently individual clinical reactions, 
most probably these factors won't be enough to elimin- 
ate allergy of a given food plant. This hypothesis would 
only be possible to be assessed when allergens and 
thresholds of elicitation could be estimated with ad- 
equate certainty [41]. Until then, the possibility of shap- 
ing the allergenicity of a given food plant, by choosing 
the adequate variety and controlled growth conditions, 
is still a non- accomplished challenge. Consequently, al- 
lergic individuals must continue to avoid consumption 
of foods that elicits theirs reactions. 

Another challenge concerns the evaluation of potential 
allergenicity of genetically modified food plants. While 
for some, the potential fast changeability of plant aller- 
gomes enhances the importance of monitoring natural 
variation of allergen expression in non-transgenic plants, 
under different environmental conditions, before asses- 
sing the impact of biotechnology transformations on 
endogenous levels of allergens, others question the rele- 
vance of this evaluation [8]. The complexity of some 
plant allergomes and their full characterization (formal 
guidelines for endogenous allergens are still lacking), the 
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difficulty in the acquisition of a sufficient number of well 
characterized allergic serum donors, as well as the cost 
of such assays are some of the critical issues [8]. More- 
over, other issues like what tests provide sufficient infor- 
mation to allow confident safety conclusions still need 
to be addressed. In fact, since there are insufficient reli- 
able data regarding allergen thresholds of elicitation the 
current advice to allergic patients is always to avoid the 
offending food and products which contain or may con- 
tain it. In addition there are no reliable data relating dif- 
ferences in allergenic levels in different crops varieties, 
with the sensitization process. This together with the 
fact that consumers most probably do not eat only one 
variety but a mixture grown at numerous locations, con- 
tributes to aggrandize the discussion about the relevance 
on measuring endogenous allergens in the first place. 

Conclusions 

This work contributes to the characterization of maize 
IgE binding proteins and emphasizes the idea that plant 
allergomes are not static, but potentially influenced by 
the plant genotype and growth conditions. 

Methods 

Plant materials 

The tested maize varieties included two inbred lines 
(PB369 -DENT type- and PB 269 -FLINT type) stored at 
the Portuguese Plant Germoplasm Bank (Braga) and one 
maize commercial variety (Tietar). 

The inbred lines were multiplied during the Spring of 
2007 in the same field of "Escola Superior Agraria de 
Coimbra" (ESAC, Coimbra, Portugal) under controlled 
pollination. Commercial variety plants were self-pollinated 
and grown from May to October in a mixture of turf and 
soil (1:1) in a glass house of "Instituto de Tecnologia 
Qmmica e Biologica (ITQB, Oeiras, Portugal). 

Seeds were randomly collected from three different ears/ 
plants of each line (triplicates), ground in a water mill and 
sieved through a 150 [im mesh, before protein extraction 
(9 samples = 3 independent flour samples x 3 maize lines). 

Plasma samples 

Plasmas were purchased from Plasmalab International 
(Everett, WA, USA) and obtained from 4 individuals 
who had a positive history of documented maize-allergy 
as well as positive specific UniCAP test values equal or 
higher than class 3 (Pharmacia Diagnostics) (individuals 
1-4, Table 1). Plasma from a non-allergic individual with 
a class 0 UniCAP test was used as negative control (indi- 
vidual 5, Table 1). 

Maize protein extractions 

Maize seed proteins were sequentially extracted with 
water (albumins), 5% (w/v) NaCl (globulins), 75% (v/v) 



ethanol (Osborne prolamins) and 0.25% (w/v) NaOH 
(Osborne glutelins), as previously described [42]. 

The supernatants were dialyzed overnight (except 
ethanol fraction) using SnakeSkin pleated dialysis tubes 
with a cutoff of 3.5 kDa (Thermo Scientific). Ethanol 
fraction and all the other dialyzed protein fractions were 
subsequently lyophilized. 

For gel electrophoresis the obtained pellets were dis- 
solved in solubilisation buffer (2 M thiourea, 0.4% (v/v) 
triton X-100, 7 M urea, 4% (w/v) CHAPS, 1% IPG buffer 
3-11, 60 mM DTT) and protein concentration mea- 
sured according to Ramagli [43], with albumin from 
chicken egg white (Sigma) as standard. 

At the end of this step we had 36 protein pellets (4 pro- 
tein fractions x 3 ears/ plants x 3 maize lines) (Additional 
file 2: Figure SI). 

Gel electrophoresis of maize protein extracts 

At this stage, protein fraction triplicates (independent 
sequential extractions of three different plants/ears) 
were mixed, so that for each maize line we worked with 
4 different protein fractions (albumins, globulins, prolamins 
and glutelins) (12 samples total) (Figure 1). 

This work included two gel electrophoresis approaches, 
one aiming to evaluate if different maize cultivars induce 
different IgE reactivity (a), and another to increase the 
knowledge of maize IgE binding proteins (b). In strategy 
(a) we used Unidimensional SDS-PAGE (sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis) of the four 
protein fractions, of the three maize cultivars, followed by 
immunoblot with plasmas from the four maize-allergic 
individuals. 

For (b), 2-D gel electrophoresis was performed on 
mixed protein extracts (e.g. albumins extracts from dif- 
ferent cultivars were mixed, globulins extracts from dif- 
ferent cultivars were mixed...- same protein quantity 
from each cultivar) and followed by immunoblot with 
plasmas from the most reactive individuals in unidimen- 
sional SDS-PAGE assay. 

For unidimensional SDS-PAGE, solubilised pellets were 
diluted 1: 1 in sample buffer (0.125 M Tris-HCl, 4% SDS, 
20% v/v glycerol, 0.2 M DTT, 0.02% bromophenol blue, 
pH 6.8) and boiled for 5 min before electrophoresis on a 
1.5 mm-thick, 12.5% T, 3.3% C acrylamide gel with 
3.75% T, 3.3% C stacking gel (30 \ig protein/lane). 

Regarding 2-D gel electrophoresis, isoelectric focusing 
was performed on 13 cm long immobilized pH gradient 
(IPG) strips (Amersham Biosciences) with a non-linear 
pH gradient range of 3 to 11 in an IPGPhor instrument 
(Amersham Biosciences). The strips were rehydrated 
with 400 [ig of total protein, for 12 h at 30 V, in solubil- 
isation buffer diluted in 8 M urea, 4% (w/v) CHAPS, 
0.5% (v/v) IPG buffer 3-11, and 60 mM DTT, to a final 
volume of 250 [iL After rehydration, IPG strips focusing. 
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equilibration and SDS-PAGE on 1 mm thick, 12.5% T, 
33% C gels, were performed as previously described [44]. 

The gels were run at 15°C with a 15 mA/gel constant 
current for 15 min, and then at 30 mA/gel. Coomassie 
Colloidal Blue [45] or MS compatible silver staining [46] 
was used, for gel staining. 

IgE Immunoblot reactivity assay of plasma from 
maize-allergic patients 

IgE reactivity, against maize samples, was probed after 
unidimensional, or 2-D gel electrophoresis followed by 
protein transfer onto Hybond ECL nitrocellulose mem- 
branes (Amersham Biosciences). Protein transfer was 
achieved, at 4°C, by wet transfer in 25 mM Tris, 192 mM 
glycine, 0.1% SDS, 20% methanol, overnight, at 20 V. 

Pre-coloured Deep Purple protein Dye nitrocellulose 
membranes were used to visualize total protein profiles 
and allow perfect overlaying of the chemiluminescence 
film. This procedure allowed us to accurately correlate 
each chemiluminescent signal with the respective spot/ 
band on the protein gels. 

Blots were blocked at 4°C, overnight, with PBS-T (58 mM 
Na2HP04, 17 mM NaH2P04.H20, 68 mM NaCl, 0.2% 
Tween 20) and 5% skimmed milk powder, and western blot 
procedures were performed as already described [44]. 

Blots were visualized after exposure to a high perform- 
ance chemiluminescence Hyperfilm ECL (Amersham 
Biosciences). For optimal signal intensity, the exposures 
were between 5 and 20 min. For each tested individual, 
and protein extract, 2 immunoblots were obtained. The 
immunoreactive spots were manually excised from col- 
loidal Coomassie blue or MS compatible silver stained 
2-D gels (prolamins) and MS characterized. 

Digestion of 2-D gel spots and MS analysis 

Spots of interest have been automatically digested and 
spotted with the Ettan Spot Handling Workstation (GE 
Healthcare). After washing and desalting in 50 mM am- 
monium bicarbonate/50% (v/v) methanol, followed by 
75% v/v acetonitrile, spots were digested with 40 ng 
Trypsin Gold for 6 h at 37°C (MS grade, Promega, 5 (ig. 
mL"^ in 20 mM ammonium bicarbonate). After extrac- 
tion, the dried peptides, dissolved in 50% acetonitrile/ 
0.1% trifluoroacetic acid, were spotted on disposable tar- 
get plates (ABsciex) prior to the deposit of the matrix 
(a-Cyano-4-hydroxycinnamic acid 7 mg.mL"^ in 50% v/v 
acetonitrile, 0.1% v/v trifluoroacetic acid (biosolve)). 

Database search 

Peptide mass determinations were carried out using the 
5800 Proteomics Analyzer (ABsciex) in reflectron mode 
for both peptide mass fingerprint and MS/MS. Calibra- 
tion was performed with the peptide mass calibration kit 
for 4700 (ABsciex). Protein identification was done by 



searching the MS and MS/MS data against NCBI database, 
downloaded on June 04, 2012, in the Viridiplantae tax- 
onomy (1078293 sequences), using an in house MASCOT 
2.3 server (www.matrixscience.com). Two trypsin missed 
cleavages, four dynamic modifications (methionine and 
tryptophan oxidation, tryptophan dioxydation and trypto- 
phan to Icynurenin), and carbamidomethylation of cysteine 
as fixed modification were allowed. Mass accuracy was set 
to 150 ppm for parent ions and 0.75 Da for MS/MS frag- 
ments. Homology identification was retained with probabil- 
ity set at 95%. All identifications were confirmed manually. 

Additional files 



Additional file 1: Table SI. MS results 

Additional file 2: Figure SI. SDS-PAGE (10% T and 3,3% Q of three 
varieties and four extracts (three replicates per variety and extract). 



Abbreviations 

CHAPS: 3-[(3-cholamidopropyl)dimethylammonio]-l-propanesulfonate; 
D^: Dithiothreitol; FAOSTAT: Statistics Division of Food and Agriculture 
Organization of the United Nations; GDP: Guanosine triphosphate; 
IgE: Imunnoglubulin E; IPG: Immobilized ph gradient; MS: Mass spectrometry; 
SDR: Short-chain dehydrogenase/ reductase; SDS-PAGE: Sodium dodecyl 
sulfate - polyacrylamide gel electrophoresis; UTP: Uridine triphosphate. 

Competing interests 

All authors declare that there are no competing interests. 
Authors' contributions 

The authors warrant that the article is original, does not infringe upon any 
copyright or other proprietary right of any third part, is not under 
consideration by another journal, and has not been previously published. 
The authors confirm that they have reviewed and approved the final version 
of the manuscript and concur with submission. CF contributed to the study 
design; IgE immunoblot reactivity assay of plasma from maize-allergic subjects 
data acquisition its analysis and interpretation; MS data interpretation; writing 
and revision the final version of the paper; final approval of the version to be 
published. SP contributed to MS data acquisition its analysis and interpretation; 
writing and revision the final version of the paper; final approval of the version 
to be published. CP contributed to the study conception and design; protein 
extraction; revision the final version of the paper; final approval of the version to 
be published. JR contributed to MS data acquisition its analysis and interpretation; 
writing and revision the final version of the paper; final approval of the version to 
be published. CPR contributed to the study conception and design; writing and 
revision the final version of the paper; final approval of the version to be published. 
MMO contributed to the study conception and design; writing and revision the 
final version of the paper; final approval of the version to be published. RB contributed 
to the study conception and design; IgE Immunoblot Reactivity Assay of Plasma from 
Maize-Allergic Patients data acquisition its analysis and interpretation; MS data 
interpretation; writing and revision the final version of the paper; final approval 
of the version to be published. All authors read and approved the final manuscript. 

Acknowledgements 

The two inbred lines PB369 and PB269, which result from the work of Dr. 
Silas Pego (INRB-EAN), were multiplied by Dr. Pedro Moreira (ESAC) and are a 
gift of Dr. Carlota Vaz Pato (ITQB). 
We thank POCTI/AGR/5 7994/2004 project for funding. 

Author details 

^National Health Institute Dr. Ricardo Jorge, Av. Padre Cruz, 1649-016 
Lisboa, Portugal. '^Centre de Recherche Public - Gabriel Lippmann, Depart- 
ment of Environment and Agrobiotechnologies (EVA), Proteomics Platform 
41, rue du Brill, L-4422 Belvaux, Luxembourg. ^Instituto de Tecnologia 
Quimica e Biologica, Universidade Nova de Lisboa, Av. da Republica, 
2780-157 Oeiras, Portugal. ^IBET, Apartado 12, 2781-901 Oeiras, Portugal. 



Fonseca et at. Proteome Science 2014, 12:17 
http://www.proteonnesci.conn/content/1 2/1/1 7 



Page 10 of 11 



Received: 3 October 2013 Accepted: 1 1 March 2014 
Published: 20 March 2014 



References 

1. Brown W, Zuber M, Darrah L, Glover D: Origin, Adaptation, and Types of 
Corn. In National Com Handbook; The com crop NCH-10; 1985:1-6. http:// 
corn.agronomy.wisc.edu/Management/pdfs/NCH10.pdf. 

2. Pastorello EA, Farioli L, Pravettoni V, Scibilia J, Conti A, Fortunato D, 
Borgonovo L, Bonomi S, Primavesi L, Ballmer-Weber B: Maize food allergy: 
lipid-transfer proteins, endochitinases, and alpha-zein precursor are 
relevant maize allergens in double-blind placebo-controlled maize- 
challenge-positive patients. Anal Bioanal Chem 2009, 395:93-102. 

3. Fasoli E, Pastorello EA, Farioli L, Scibilia J, Aldini G, Carini M, Marocco A, 
Boschetti E, Righetti PG: Searching for allergens in maize kernels via 
proteomic tools. J Proteomics 2009, 72:501-510. 

4. Fonseca C, Planchon S, Renaut J, Oliveira MM, Batista R: Characterization of 
maize allergens - MON810 vs. its non-transgenic counterpart. J Proteomics 
2012, 75:2027-2037. 

5. Kottapalli KR, Payton P, Rakwal R, Agrawal GK, Shibato J, Burow M, Puppala 
N: Proteomics analysis of mature seed of four peanut cultivars using 
two-dimensional gel electrophoresis reveals distinct differential 
expression of storage, anti-nutritional, and allergenic proteins. 

Plant Sci 2008, 175:321-329. 

6. Xu C, Caperna TJ, Garrett WM, Cregan P, Bae H, Luthria DL, Natarajan S: 
Proteomic analysis of the distribution of the major seed allergens in 
wild, landrace, ancestral, and modern soybean genotypes. J Sci Food 
Agric 2007, 87:2511-2518. 

7. Lopez-Matas M, Larramendi C, Ferrer A, Huertas A, Pagan J, Garcia-Abujeta J, 
Bartra J, Andreu C, Lavin J, Games J: Identification and quantification of 
tomato allergens: in vitro characterization of six different varieties. Ann 
Allergy Asthma Immunol 201 1, 106:230-238. 

8. Panda R, Ariyarathna H, Amnuaycheewa P, Tetteh A, Pramod SN, Taylor SL, 
Ballmer-Weber BK, Goodman RE: Challenges in testing genetically modi- 
fied crops for potential increases in endogenous allergen expression for 
safety. Allergy 20)3, 68:142-151. 

9. Matthes A, Schmitz-Eiberger M: Apple (Malus domestica L. Borkh.) allergen 
Mai d 1: effect of cultivar, cultivation system, and storage conditions. 

J Agric Food Chem 2009, 57:10548-10553. 

10. Van den Broeck HC, America AHP, Smulders MJM, Gilissen UWJ, Van der 
Meer IM: Staining efficiency of specific proteins depends on the staining 
method: wheat gluten proteins. Proteomics 2008, 8:1880-1884 

11. Anttonen MJ, Lehesranta S, Auriola S, Rohlig RM, Engel K-H, Karenlampi SO: 
Genetic and environmental influence on maize kernel proteome. 

J Proteome Res 201 0, 9:61 60-61 68. 

12. Games J, Ferrer A, Fernandez-Caldas E: Allergenicity of 10 different apple 
varieties. Ann Allergy Asthma Immunol 2006, 96:564-570. 

13. Dolle S, Lehmann K, Schwarz D, Weckwert W, Scheler C, George E, Franken 
P, Worm M: Allergenic activity of different tomato cultivars in tomato 
allergic subjects. Clin Exp Allergy 201 1, 41:1643-1652. 

14. Wang SJ, Liu LF, Chen CK, Chen LW: Regulations of granule-bound starch 
synthase I gene expression in rice leaves by temperature and drought 
stress. Biol Plant 2006, 50:537-541. 

15. Miyashita Y, Dolferus R, Ismond KP, Good AG: Alanine aminotransferase 
catalyses the breakdown of alanine after hypoxia in Arabidopsis 
thaliana. Plant J 2007, 49:1 1 08-1 1 21 . 

16. Hazen SP, Pathan MS, Sanchez A, Baxter I, Dunn M, Estes B, Chang H, Tong 
Z, Kreps JA, Nguyen HT: Expression profiling of rice segregating for 
drought tolerance QTLs using a rice genome array. Funct Integr Genomics 
2005,5:104-116. 

17. Kim WY, Kim CY, Cheong NE, Choi YO, Lee KO, Lee S-H, Park JB, Nakano A, 
Bahk JD, Cho MJ, Lee SY: Characterization of two fungal-elicitor-induced 
rice cDNAs encoding functional homologues of the rab-specific 
GDP-dissociation inhibitor. Planta 1999, 210:143-149. 

18. Hoshida H, Tanaka Y, Hibino T, Hayashi Y, Tanaka A, Takabe T: Enhanced 
tolerance to salt stress in transgenic rice that overexpresses chloroplast 
glutamine synthetase. Plant Mol Biol 2000, 43:103-1 11. 

1 9. Nib R, SafTie C, Lilley K, Baeza-Yates R, Cambiazo V, Campos-Vargas R, Gonzalez M, 
Meisel LA, Retamales J, Silva H, Orellana A: Proteomic analysis of peach fruit 
mesocarp softening and chilling injury using difference gel electrophoresis 
(DIGE). BMC Genomics 201 0, 1 1 :43. 



20. Ge C, Wang Z, Wan D, Ding Y, Wang Y, Shang Q, Luo S: Proteomic study 
for responses to cadmium stress in rice seedlings. Rice Sci 2009, 16:33-44. 

21. LampI N, Budai-Hadrian 0, Davydov 0, Joss T, Harrop S, Curmi P, Roberts T, 
Fluhr R: Arabidopsis AtSerpinI, crystal structure and in vivo interaction 
with its target protease RESPONSIVE TO DESICCATION-21 (RD21). J Biol 
Chem 2010, 285:13550-13560. 

22. Benhassaine-Kesri G, Aid F, Demandre C, Kader J-C, Mazliak P: Drought 
stress affects chloroplast lipid metabolism in rape (Brassica napus) 
leaves. Physiol Plant 2002, 1 15:221-227. 

23. Aunstin JR II, Frost E, Vidi P-A, Kessler F, Staehelin LA: Plastoglobules are 
lipoprotein subcompartments of the chloroplast that are permanently 
coupled to thylakoid membranes and contain biosynthetic enzymes. 
Plant Cell 2006, 18:1693-1703. 

24. Saxena M, Roy SD, Singla-Pareek S-L, Sopory SK, Bhalla-Sarin N: Overexpression 
of the Glyoxalase II Gene Leads to Enhanced Salinity Tolerance in Brassica 
Juncea. Open Plant Sci J 20]], 5:23-28. 

25. Kurepa J, Wang S, Li Y, Smalle J: Proteasome regulation, plant growth and 
stress tolerance. Plant Signal Behav 2009, 4:924-927. 

26. Seo M, Koshiba T: Complex regulation of ABA biosynthesis in plants. 
Trends Plant Sci 2002, 7:41 -48. 

27. Mahalingam R, Gomez-Buitrago A, Eckardt N, Shah N, Guevara-Garcia A, Day 
P, Raina R, Fedoroff NV: Characterizing the stress/defense transcriptome 
of Arabidopsis. Genome Biol 2003, 4:R20.1-R20.14 

28. Schenk PM, Kazan K, Wilson I, Anderson JP, Richmond T, Somerville SC, 
Manners JM: Coordinated plant defense responses in Arabidopsis 
revealed by microarray analysis. Proc Natl Acad Sci USA 2000, 
97:11655-11660. 

29. Qureshi Ml, Qadir S, Zolla L: Proteomics-based dissection of stress- 
responsive pathways in plants. J Plant Physiol 2007, 164:1239-1260. 

30. Shulaev V, Cortes D, Miller G, Mittler R: Metabolomics for plant stress 
response. Physiol Plant 2008, 132:199-208. 

31. Molinier J, Ries G, Zipfel C, Hohn B: Transgeneration memory of stress in 
plants. Nature 2006, 442:1046-1049. 

32. Puhringer H, Moll D, Hoffmann-Sommergruber K, Watillon B, Katinger H, 
Machado ML, Da C: The promoter of an apple Ypr 10 gene, encoding the 
major allergen Mai d 1, is stress- and pathogen-inducible. Plant Sci 2000, 
152:35-50. 

33. Hanninen A, Mikkola JH, Kalkkinen N, Ylitalo L, Reunala T, Palosuo T: 
Increased allergen production in turnip (Brassica rapa) by treatments 
activating defense mechanisms. J /\//ergy C/Zn Immunol 1999, 104:194-201. 

34 Armentia A, Callejo A, Diaz-Perales A, Martin-Gil FJ, Salcedo G: 

Enhancement of tomato allergenicity after treatment with plant 
hormones. Allergol Immunopathol (Madr) 2003, 31:44-46. 

35. Singh B, Sharma GL, Oellerich M, Kumar R, Singh S, Bhadoria DP, Katyal A, 
Reichard U, Asif AR: Novel cytosolic allergens of aspergillus fumigatus 
identified from germinating Conidia. J Proteome Res 2010, 9:5530-5541. 

36. Garcia-Casado G, Crespo JF, Rodriguez J, Salcedo G: Isolation and 
characterization of barley lipid transfer protein and protein Z as beer 
allergens. J /\//ergy Clin Immunol 2001, 108:647-649. 

37. Usui Y, Nakase M, Hotta H, Urisu A, Aoki N, Kitajima K, Matsuda T: A 33-kDa 
allergen from rice (Oryza sativa L. Japonica). cDNA cloning, expression, 
and identification as a novel glyoxalase I. J Biol Chem 2001, 
276:11376-11381. 

38. DAmato A, Bachi A, Fasoli E, Boschetti E, Peltre G, Senechal H, Sutra JP, 
Citterio A, Righetti PG: In-depth exploration of Hevea brasiliensis latex 
proteome and "hidden allergens" via combinatorial peptide ligand 
libraries. J Proteomics 2010, 73:1368-1380. 

39. Schneider PB, Denk U, Breitenbach M, Richter K, Schmid-Grendelmeier P, 
Nobbe S, Himly M, Mari A, Ebner C, Simon-Nobbe B: Alternaria alternata 
NADP -dependent mannitol dehydrogenase is an important fungal 
allergen. Clin Exp Allergy 2006, 36:1513-1524 

40. Simon-Nobbe B, Denk U, Schneider PB, Radauer C, Teige M, Crameri R, 
HawranekT, Lang R, Richter K, Schmid-Grendelmeier P, Nobbe S, HartI A, 
Breitenbach M: NADP-dependent mannitol dehydrogenase, a major 
allergen of Cladosporium herbarum. J Biol Chem 2006, 281:16354-16360. 

41 . Crevel RWR, Ballmer-Weber BK, Holzhauser T, Hourihane JO, Knulst AC, 
Mackie AR, Timmermans F, Taylor SL: Thresholds for food allergens and 
their value to different stakeholders. Allergy 2008, 63:597-609. 

42. Sergeant K, Pinheiro C, Hausman J-F, Ricardo CP, Renaut J: Taking advantage 
of nonspecific trypsin cleavages for the identification of seed storage 
proteins in cereals. J Proteome Res 2009, 8:3182-3190. 



Fonseca et at. Proteome Science 2014, 12:17 
http://www.proteonnesci.conn/content/1 2/1/1 7 



Page 11 of 1 1 



43. Ramagli LS: Quantifying protein in 2D-PAGE solubilization buffers. 

Methods Mol Biol 1 998, 1 1 2:99-1 03. 

44. Batista R, Martins I, Jeno P, Ricardo CP, Oliveira MM: A proteomic study to 
identify soya allergens - the human response to transgenic versus 
non-transgenic soya samples. Int Arch Allergy Immunol 2007, 144:29-38. 

45. Neuhoff V, Stamm R, EibI H: Clear background and highly sensitive 
protein staining with Coomassie Blue dyes in polyacrylamide gels: a 
systematic analysis. Electrophoresis 1985, 6:427-448. 

46. Pandey A, Andersen JS, Mann M: Use of mass spectrometry to study 
signaling pathways. Sci STKE 2000, 2000:pll. 



doi:1 0.1 1 86/1 477-5956-1 2-1 7 

Cite this article as: Fonseca et al.: Maize IgE binding proteins: each plant 
a different profile? Proteome Science 2014 12:17. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at /^\ Ri^nHod rpntral 

www.biomedcentral.com/submit momea L.enTrai 



